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INTERNAL COMBUSTION ENGINE EXHAUST
~ CLEANING METHOD AND SYSTEM

_The present invention relates to a method of cleanmg
‘exhaust gases discharged from an internal combustion
engme and a system for carrying out the method.

It 1s well known in the art, that the concentration of
nitrogen oxides in the exhaust gases discharged from
the internal combustion engine reach a peak where air
and fuel mixture are combusted in the engine with the

proportion of air-to-fuel ratio approximating the stoi-
1. The concentration

chiometric air-to-fuel ratio of 16 :.
of nitrogen oxides thus diminish as the air-to-fuel ratios
of the mixtures are at values lower or higher than the
stoichiometric air-to-fuel ratio or, in other words, the
mixtures are rendered richer or leaner..

It has already been proposed that a multi-cylinder
internal combustion engine be operated on both a
richer air-fuel mixture supplied into about half the
number of total cylinders of the engine and a leaner
air-fuel mixture supplied into the remaining cylinders.
The exhaust gases discharged from all the engine cylin-
ders are then Introduced into an afterburning means
such as an afterburner in which the gases are mixed
with each other and afterburned for oxidation of harm-
ful constituents therein. -

However, in the prior art, dlfficultles have been en-
countered in that the temperature in the afterburner is
not raised sufficiently high for efficient functioning and
therefore gases discharged from the afterburner con-
tain considerable amounts of harmful constituents dur-
ing low load engine operation or immediately after
engine starting. This results from the fact that exhaust
gases introduced into the afterburner do not contain
sufficient unburned constituents, e.g. carbon monoxide
and hydrocarbons, which heat the afterburner by com-
bustion within the same.

Accordingly, 1t i1s an object of the present invention
‘to provide an improved method and system which will
effectively purify exhaust gases from an mternal com-
bustion engine equipped with an afterburner by con-
trolling the concentrations of unburned constituents
contained in the exhaust gases introduced into the
afterburner in response to the engine load.

It is another object of the present invention to pro-
vide an improved method and a system by which an
internal combustion engine can discharge a relatively
“high concentration of unburned constituents and intro-
duce them into the afterburner during low engine load

operation but which can discharge a relatively low .

concentration of unburned constituents durmg medium
and hlgh load engine operations. |

[t is another object of the present invention to pro-
vide an 1mproved method and a system by which the
temperature in the afterburner is rapldly elevated to
efficiently function dunng low engine load operation
and prevented excessive elevation during medmm and
high load engine operations.
~ Other objects and features of the improved method
“and the improved system according to the present in-
vention will become more apparent from the following

- descrlptlon taken in conjunctlon with the accompany-
- Ing drawmgs in which:

FIG. 1 is a schematic view showing an example of an
exhaust cleaning system according to the present in-
vention which employs carburetors as the air-fuel mix-
ture supply means;
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FIG. 2 is a longitudinal sectional view of a carburetor
employed in the system shown in FIG. 1;

FIG. 3 is a schematic view showing another example
of an exhaust cleaning system according to the present
invention which employs an electronically controlled
fuel injection system as the fuel supply for the air-fuel
mixture supply means; and
- FIG. 4 is a schematic view similar to FIG. 3 but shows
a further example of an exhaust cleaning system ac-
cording to the present invention.

~An example of an exhaust gas cleaning system which
this invention consists of is illustrated in FIG. 1, the
system being used for cleaning the exhaust of an inter-
nal combustion engine which i1s generally represented
by numeral 10 and being connected thereto. The en-
gine 10 has six cylinders C, to C4 (only their locations
shown) of which four cylinders C; to C4 more than half
the number of total cylinders, form, in this instance, a
first group of cylinders while the other two cylinders C,

~and C, form a second group of cylinders. The exhaust

ports (no numerals) of the cylinders communicate
through an exhaust manifold 12 with an afterburner 14
which afterburns and purifies gases discharged from
the cylinders. The afterburner 14 includes a longitudi-
nally extending outer casing 16 having an outlet 18 for
discharging purified gases into the atmosphere. - In the
outer casing 16 is disposed a longitudinally extending
inner casing 20 having an inlet 22 connected with the
exhaust manifold 12 for feeding gases from the cylin-

~ders thereinto. The inner casing 20 defines therein a

mixing chamber 24 at its central portion for mixing
gases discharged from the cylinders and two opposed

reaction chambers 264 and 265 at its both end portions

for afterburning the gases mixed in the mixing chamber
24, The chambers 24, 26a and 265 are separated from
each other by two suitable porous partition walls 28a
and 28b. The two reaction chambers 26a and 265 com-
municate through a plurality of openings 30 formed
through both end portions of the inner casing 20 with a
chamber defined between inner casing 20 and the outer
casing 16. While a particular form of afterburner has
been shown and described, other su:table afterburners
may be employed if desired.

The intake ports (not shown) of the first group of
engine cylinders C; to Cg communicate through an
intake manifold 32 with a first carburetor 34 supplying
an air-fuel mixture into the cylinders while the intake
ports (not shown) of the second group of cylinders C,
and C, communicate through another intake manifold
36 with a carburetor 38 for supplying another air-fuel
mixture into the cylinders. The first and second carbu-
retors 34 and 38 are constructed as illustrated in FIG.
2. | |

- As shown in FIG. 2, each of carburetors 34 and 38
includes a main fuel passage 40 which connects a float
chamber 42 to a main discharge nozzle 44. The main
fuel passage 40 has therein a main jet 46 which restricts
the amount of fuel flowing through the passage 40. An
auxiliary fuel passage 48 is disposed to connect the
upstream and downstream portions of the main jet 46.

In the auxiliary fuel passage 48, an auxiliary jet 50 is

disposed for restricting the amount of fuel flowing
through the passage 48. These carburetors 34 and 38
are such arranged as to alternately prepare a rich air-
fuel mixture when fuel to be discharged from the main
nozzle 44 is supplied through both the main and auxil-
1ary fuel passages 46 and 48 and a lean air-fuel mixture

‘when the fuel to be discharged from the main nozzle 44
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is supplied through only the main fuel passage 40 with
closure of the auxiliary fuel passage 48. The rich and
lean air-fuel mixtures are regulated to make a first

air-fuel mixture richer than stoichiometric mixture and

a second air-fuel mixture leaner than stoichiometric
mixture by employing the suitable sizes of the mam and
auxiliary _]ets 46 and 50. |

Disposed In the auxiliary fuel passage 48 of each of
the carburetors 34 and 38 is an electromagnetic flow

control valve 52 which forms part of an actuating

means for controllmg the carburetors 34 and 38. The
control valve 52 is so arranged that its movable core 54
Is upwardly biased by the action of a helical spring 56

10

to close the passage 48 when the coil 58 is de-energized

and move the core 54 downwardly against the biasing
force of the spring 56 to open the passage 48 when the
coil 58 is energized.

The control valves 52 connected with the carbure-

cors 34 and 38 are operated to control the air-fuel

mixture supplied into the engine cylinders in accor-
dance with the present invention in a manner illus-
trated heremafter.  Referring again to FIG. 1, a load
sensor 60 functions to sense an engine load signal S,
representing the intake manifold vacuum and another
signal S, representing engine speed and generate an
electrical signal indicative of the two engine load sig-
nals. The signal from the load sensor 60 is transmitted
to a comparator 62. The comparator 62 alternately
generates a first logic signal “0” when the signal from
the load sensor 60 i1s below a predetermined level (dur-
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Ing low load engine operation) and a second logic sig-

nal “1” when the signal is above the predetermined
level (during medium and high load engine opera-
tions). The logic signal is transmitted to a first amplifier
66 through an inverter 64 for inverting the signal. Addi-
tionally, the logic signal 1s also transmitted directly to a

second amplifier 68. Accordingly, when the first logic

signal “0” 1s transmitted from the comparator 62, the
first amplifier 66 amplifies the logic signal from the
inverter 64 to produce an energizing signal S, for ener-
gizing the electromagnetic coil 58 while the second
amplifier 68 amplifies the logic signal to produce a
de-energizing signal S, for de-energizing the electro-
magnetic coil 58. However, when the second logic
signal “1” is transmitted from the comparator 62, the
first amplifier 66 produces a de-energizing signal S,
‘while the second amplifier 68 produces the energizing
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signal S.. Therefore, the first carburetor 34 supplies the -

first air-fuel mixture into the first group of engine cylin-
ders and the second carburetor 38 supplies the second
air-fuel mixture into the second group of engine cylin-

ders during low load engine operations. On the con-

trary, the first carburetor 34 supplies the second air-
fuel mixture into the first group of engine cylinders and
the second carburetor 38 supplies the first air-fuel mix-
ture into the second group- of engine cylinders durmg
medium and high load engine operatmns

Desngnated by reference numeral 70 is a secondary
air mjectlon nozzle which 1s adapted to supply secon-
dary air into the mixing chamber 24 of the afterburner
14 in a following manner. When the temperature of the

gases discharged from the engine 10 1s relatively low, a-

thermo-switch 74 1s closed to transmit the electric cur-
rent from a battery to the solenoid cell of a valve 76 to
open the valve 76. Thus secondary air from an air
pump 78 flows through the open valve 76 and a secon-
dary air conduit 80 to the secondary air injection noz-
zle 70.
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As will be apparent from the above, when the ignition
sequernce of the engine cylinders 1s set at C,—C;—C3z—C-
¢—C2—C,, combustion sequence of the air-fuel mixtures
in the engine 10 1s S-F-F-F-S-F during low load engine
operation while F-S-S-S-F-S during medium and high
load engine operation, where F and S represent the first
and second air-fuel mixtures respectively.

Thus, with this arrangement of the exhaust cleaning
system, gases containing relatively high concentrations
of unburned constituents are discharged from the en-
gine 10 into the afterburner 14 and therefore the tem-
perature In the afterburner 14 is rapidly elevated to

“effect function of the afterburner during low load en-

gine operation or immediately after starting the engine.

‘However, gases containing relatively low concentra-
tions of unburned constituents are discharged from the
engine 10 and therefore the afterburner 14 is prevented
from overheating during medium and high load engine
operations. Additionally, this 1s effective from the view
point of fuel economy.

F1G. 3 illustrates another example of the exhaust gas
cleaning system similar to that shown in FIG. 1 with the

exception that an electronically controlled fuel injec-

tion system connected with an air induction system
supplies air-fuel mixture into the engine cylinders of

the engine 10. The engine 10 has a first group of engine

cylinders consisting of four engine cylinders C, to C;
(only their locations shown) or more than half the
number of total cylinders and a second group of engine
cylinders consisting of two cylinders C; and Cg (only

their locations shown). The exhaust ports (no numer-
als) of the engine cylinders communicate through a

plurality of exhaust conduits (no numerals) with an
afterburner 14 similar to that shown in FIG. 1.

The electronically controlled fuel injection system
includes a first group of fuel injection devices 90 which
are disposed In the intake ports (not shown) corre-
sponding to the first group of engine cylinders C, to Cs
and a second group of fuel injection devices 92 which
are disposed in the intake ports (not shown) corre-
sponding to the second group of engine cylinders C,
and Cg. Each of the fuel injection devices has, as usual,.
a fuel njection nozzle (not shown) for injecting fuel
nto the corresponding intake port and a solenoid valve
(not shown) associated with the injection nozzle. The
solenoid valve is, as usual, adapted to open and allow
injection of pressurized fuel from a fuel conduit 94
through the injection nozzle when energized. The fuel
Injection device is designed in connection with the air
induction system 96 to supply the first air-fuel mixture
into the corresponding engine cylinder when its sole-
noid valve is energized for a relatively long period of
time and to supply the second air-fuel mixture when its
solenoid valve is energized for a relatwely short period
of time.

~ Solenoid valves of the fuel injection devices 90 and
92 are operated to control the air-fuel mixtures to be
supplied into the engine cylinders in a manner illus-
trated hereinafter. A load sensor or an electronic com-
puting circuit 98 is adapted to compute the required
amount of fuel to be injected through the fuel injection
devices 90 and 92 in accordance with the engine load
using as parameters the amount of air inducted and
other engine operating variables and generates an elec-
trical signal indicative of the required amount of fuel to
be injected. The signal from the computing circuit 98 is
transmitted to a first pulse generator 100 for generating
a first pulse signal having relatively wide pulse and to a
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second pulse generator 102 for generating a second
pulse signal having relatively narrow pulse width. The
pulse generators 100 and 102 are respectively electri-
cally connected to a first movable contact 104 and a
second movable contact 106 of an electromagnetic
relay 108.

‘The electrical 51gnal from the computmg c1rcu1t 98 is
also transmitted to a control device 110 which is
adapted to alternatively energize a coil 112 of the relay

108 when the signal from the circuit 98 is below a
predetermined level and de- -energize the coil 112 when

the SIgnal 1s above the predetermlned level. The timing
of energizing or de-energizing of the coil 112 may fur-
ther be modified by feeding to the control device 110
signals a, b, c and d which represent respectively engine
speed, intake manifold vacuum, exhaust gas tempera-
‘ture, and vehicle speed.

S

10

15

‘When the coil 112 of the relay 108 is energlzed (dur-

ing low load engine operation), the movable contacts
104 and 106 are biased to the directions indicated by
arrows A, and A, respectively and contact with station-
ary contacts 114 and 116 reSpectwely Accordingly,
the first pulse generator 100 is connected to the sole-
noid valves of the first group of fuel injection devices
90 to energize their solenoid valves for a relatively long
period of time in response to the first pulse signal trans-
mitted from the first pulse generator 100 while the
second pulse generator 102 is connected to the sole-
noid valves of the second group of fuel injection de-
vices 92 to energize their solenoid valves for a rela-
tively short period of time in response to the second
pulse signal transmltted from the second pulse genera-
tor 102.

On the contrary, when the coil 112 of the relay 108
is de-energized (during medium and high load engine
operations), the movable contacts 104 and 106 are
biased by means of springs (no numerals) and contact
with stationary contacts 118 and 120 respectwely Ac-
cordingly, the first pulse generator 100 is connected to
the solenoid valves of the second group of fuel injection
devices 90 to energize their solenoid valves for a rela-
tively long period of time in response to the first pulse
signal while the second pulse generator 102 is con-
nected to the solenoid valves of the first group of fuel

injection devices 90 to energize their solenoid ‘valves

for a relatively short period of time in response to the
second pulse signal.

In this instance, when the ignition sequence of the
engine cylinders is C,-C;-C3-Cy-C,-C,, the sequence of
the air-fuel mixtures into the engine 10 is S-F-F-S-F-F
durmg low load engine 0peratmn and F-S-S-F-S-S dur-
ing medium and high load engine operations, where F
and S represent the first and second air-fuel mixtures
respectively. |

FIG. 4 illustrates an example of an exhaust cleaning
system similar to that shown in FIG. 3 with the excep-
tion that one cylinder is alternately supplied with the
first or second air-fuel mixture, while two cylinders
constantly receive the first air-fuel mixture and the
remaining three cylinders constantly receive second
air-fuel mixture. In this instance, reference numerals
‘and characters like those in FIG. 3 designate corre-
sponding parts, units and matters and therefore illustra-
tions of those have been omitted for the purpose of
brevity of description.

The electronically controlled fuel injection system of
- this example includes two fuel injection devices 130
which are disposed in the intake ports (not shown)

20

25

30

35

40

45

50

35

60

65 .

6

corresponding to engine cylinders C, and C,, a fuel
injection device 132 which is disposed in the intake
port (not shown) corresponding to an engine cylinder
Ca; and three fuel injection devices 134 which are dis-
posed in the Intake ports (not shown) corresponding to
engine cylinders C, to Cq. Each of the fuel injection
devices 130, 132 and 134 is disposed SImllarly to that
shown in FIG. 3. -

The two fuel injection devices 130 are permanently
connected to the first pulse generator 100 to supply the
first air-fuel mixture into the corresponding engine
cylinders C, and C, while the three fuel injection de-
vices 134 are permanently connected to the second
pulse generator 102 to supply the second air-fuel mix-
ture into the corresponding engine cylinders C, to C,.
However, the fuel injection device 132 is alternately
connected to the first and second pulse generators 100
and 102 to alternately supply the first and second air-
fuel mixtures respectively into the corresponding en-
gine cylinder C;'in response to the engine load.

In operation, when the coil 112 of the electromag-
netic relay 108 is energized by the action of the control
device 110 (during low load engine operation), a mov-
able contact 136 connected to the fuel injection device
132 is biased to the direction of arrow Aj against the
biasing force of a spring (no numeral) so as to contact
with a stationary contact 138 connected to the first
pulse generator 100 and therefore the first air-fuel
mixture is supplied into the engine cylinder C; in addi-
tion to cylinders C, and C,; or half the number of total
cylinders. When the coil 112 is de-energized by the
action of the control device 110 (during medium and
hlgh load engine Operatlons), the movable contact 136
1s biased by the action of the spring so as to contact
with a stationary contact 140 connected to the second
pulse generator 102 and therefore the second air-fuel
mixture is supplied into the engine cylinder C; in addi-
tion to cylinders C,; to C,.

In this instance, when ignition sequence of the engine
cylinders is set at C,-C5-C;-C4-C,-C,, combustion se-
quence of the air-fuel mixtures in the engine 10 is F-S-
S-S-F-§ during low load engine operation while it is
F -S-F—S-—F-—S durlng medium and high load engine oper-
ations.

It will be noted that the exhaust cleaning system
shown in FIG. 4 is partlcularly suitable for a statlonary
internal combustion engine because such a type is
mainly operated at medium and high engine loads and
stopped mfrequent]y

Thus, with this arrangement of the exhaust cleaning
system shown in FIG. 4, exhaust gases capable of being
burned are discharged from the engme 10 into the
afterburner 14 during low load engine operation, while
gases containing relatively low concentration of the
unburned constituents are dlscharged from the engine
10 and therefore the afterburner 14 is prevented from
an excessive rise of the temperature therewithin.

What is claimed is:

1. A method of cleaning exhaust gases from a multi-
cylinder internal combustion engine comprising the
steps of:

supplying a first air-fuel mixture richer than stoichio-

metric mixture into engine cylinders consisting of

.. at least half the number of total cylinders of the

‘engine and a second air-fuel mixture leaner than

- stoichiometric mixture into the remaining cylinders

of the engine during low load engine operation;
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supplying the second air-fuel mixture into engine
cylinders consisting of more than half the number
of total engine cylinders and the first air-fuel mix-
ture into the said remaining engine cylinders during
medium and high load engine operation; and

afterburning in an afterburner the gases discharged
from all the engine cylinders;
whereby the temperature in the afterburner is ele-
vated so that the afterburner effectively functions
during low load engine operation, while the tem-
perature 1s prevented from excessive elevation
during medium and high load engine operation.
2. A method of cleaning exhaust gases from a multi-
cylinder internal combustion engine comprising the
steps of:
supplying a first air-fuel mixture richer than stoichio-
metric mixture into a first group of engine cylinders
consisting of more than half the number of total
cylinders of the engine and a second air-fuel mix-
ture leaner than stoichiometric mixture into a sec-
ond group of engine cylinders consisting of the
remaining cylinders of the engine during low load
engine operation; |

supplying the first air-fuel mixture into the second
group of engine cylinders and the second air-fuei
mixture into the first group of engine cylinders
during medium and high load engine operation;
and |

afterburning in an afterburner the gases discharged

from all the engine cylinders; |

whereby the temperature in the reburning means is

rapidly elevated so that the reburning means effec-
tively functions during the low load engine opera-
tion, while the temperature is prevented from ex-
cessive elevation during medium and high load
engine operation.

3. In a multicylinder internal combustion engine
equipped with afterburner for afterburning gases from
all the engine cylinders of the engine, the system com-
prising:

air-fuel mixture supply means for supplying air-fuel

mixture into the engine cylinders;

actuating means operative to alternately take a first

state in which said air-fuel mixture supply means
supply a first air-fuel mixture richer than stoichio-
metric mixture into engine cylinders consisting of

at least half the number of total engine cylinders

and a second air-fuel mixture leaner than stoichio-
metric mixture into the remaining engine cylinders,
and a second state in which said air-fuel mixture
supply means supply the second air-fuel mixture
Into engine cylinders consisting of more than half
the number of total engine cylinders and the first
air-fuel mixture into the remaining englne cylln-
ders; and

control means for alternately generating a first signal
during low load engine operation to put said actu-
ating means into the first state and a second signal
during medium and high load engine operations to
put satd actuating means into the second state;

whereby the engine discharges gases containing rela-
tively high concentration of unburned constituents
and thereafter the gases are introduced into the
afterburner during low load engine operation so
that the temperature in the afterburner is rapidly
elevated to function effectively, while the engine
‘discharges gases containing relatively low concen-
tration of the unburned constituents and thereafter
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the gases are introduced into the afterburner dur-
ing medium and high load engine operation so that
the temperature i1s prevented from Its excessive
elevation. o
4. In a multicylinder internal combustion engine hav-
ing a first group of engine cylinders consisting of more
than about half the number of total cylinders and a
second group of engine cylinders consisting of remain-
ing cylinders, equipped with afterburner for afterburn-
Ing gases discharged from all the engine cylinders, the
system comprising:
first and second air-fuel mixture supply means for
supplying air-fuel mixture into the first and second
groups of engine cylinders respectively;
actuating means operative to alternately take a first
state in which said first air-fuel supply means sup-
ply a first air-fuel mixture richer than stoichiomet-
ric mixture and said second air-fuel supply means
supply a second air-fuel mixture leaner than stoi-
chiometric mixture, and a second state in which
said first air-fuel supply means supply the second
air-fuel mixture and said second air-fuel supply
‘means supply the second air-fuel mixture; and
control means for alternately generating a first signal
during low load engine operation to put said actu-
ating means into the first state and a second signal
during medium and high load engine operations to
put said actuating means into the second state;
whereby the engine discharges gases containing rela-
tively high concentration of unburned constituents
and thereafter the gases are introduced into the
afterburner during low load engine operation so
that the temperature in the afterburner is rapidly
elevated to function effectively, while the engine
discharges gases containing relatively low concen-
‘tration of the unburned constituents and thereafter
the gases are introduced into the afterburner dur-
ing medium and high load engine operations so that
- the temperature is prevented from excessive eleva-
tion. |
S. A system as claimed in claim 4, in which said first
and second air-fuel mixture supply means include first:
and second carburetors, each of said carburetors in-
cluding a main fuel passage connecting a float chamber
to a main discharge nozzle and having a main jet
therein, and an auxiliary fuel passage connecting up-
stream and downstream portions -of the main jet in the
main fuel passage and having an auxiliary jet therein.
6. A system as claimed in claim 5§, in which said actu-
ating means Includes first and second electromagnetic
flow control valves respectively combined with said
first and second carburetors, each of said valves being
operative to alternately be energized and de-energized -

‘to open and close respectively said auxiliary fuel pas-

sage of the corresponding carburetor in response to
signals transmitted from said control means, and an
inverter electrically connected to said first valve for
Inverting the signal transmitted from said control
means. -

7. A system as claimed in claim 6, further including a
first amplifier electrically connecting said first flow
control valve and said inverter, and a second amplifier
electrically connected to said second flow control
valve. -

8. A system as claimed in claim 6, in which said con-
trol means includes a load sensor for sensing the engine
load and generating an electrical signal responsive to
the engine load, and a comparator electrically connect-



3,982,393

9

Ing said load sensor to the inverter and the second flow
control valve of said actuating means and adapted to
- alternately generate a first logic signal for energizing
solenoid valves of said actuating means when the elec-
~ trical signal from the load sensor is lower than a prede-

termined level and a second logic signal for energlzmg
the solenoid valves when the electrical signal is higher
than the predetermined level.

9. A system as claimed in claim 4, in which said first
and second air-fuel mixture supply means include a
first and second group of fuel injection devices, each of
said devices including a fuel injection nozzle for respec-
tively injecting fuel into the intake port of the corre-
sponding engine cylinder, and a solenoid valve control-
ling the flow to said correspondmg nozzle.

10. A system as claimed in claim 9, in which said -

actuating means includes a first pulse generator for
generating a pulse signal having relatively wide pulse
width, a second pulse generator for generating another
pulse signal having relatively narrow pulse width, and
an electromagnetic relay operative to alternately con-
nect said first pulse generator to said first air-fuel sup-
ply means and said second pulse generator to said sec-
ond air-fuel supply means when the electromagnetic
coll of said relay is energized, while connecting said
first pulse generator to said second air-fuel supply

10

15

20

25

means and said second pulse generator to said first

air-fuel supply means when the electromagnetic coil is
de-energized. |

11. A system as claimed in claim 10, in which said
control means iIncludes an electronic computing circuit
adapted to generate and transmit a signal responsive to
the engine load to said first and second pulse genera-
tors for changing the pulse width of the pulse signal
generated by said pulse generators in response to the
signal from said computing circuit, and a control device
electrically connecting to said electronic computing
circuit and adapted to alternately generate the first

30

35

signal for energizing the electromagnetic coil of said

electromagnetic relay when the signal from said com-
puting circuit is below a predetermined level while the
second signal de-energizes said coil when the signal
from the circuit is above the predetermined level.
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12. A system as claimed in claim 3, in which said
air-fuel mixture supply means further includes a first
group of tuel mnjection devices for supplying fuel into a
first group of engine cylinders consisting of less than
half the number of total cylinders, a second group of
fuel injection devices for supplying fuel into a certain
number of engine cylinders and a third group of fuel
injection devices for supplying fuel into engine cylin-
ders consisting of about half the number of total engine
cylinders, each of said devices having a fuel injection
nozzle for injecting fuel into the corresponding intake
port of said cylinder, and a solenoid valve controlling
its corresponding nozzle.

13. A system as claimed In claim 12, in which said
actuating means includes a first pulse generator for
generating a pulse signal having a relatively wide pulse
width electrically connecting to solenoid valves of said
first group of fuel injection devices, a second pulse
generator for generating another pulse signal having a
relatively narrow pulse width electrically connected to
the solenoid valves of said third group of fuel injection
devices and an electromagnetic relay operative to alter-
nately connect said first pulse generator to said second
group of fuel injection devices when the coil of said
relay is energized while connecting said second pulse
generator to the second group of fuel injection devxces
when the coil of the relay is de- energlzed

14. A system as claimed in claim 13, in which said
control means includes an electronic computing circuit
adapted to generate and transmit a signal responsive to
the engine load to said first and second pulse genera-
tors for changing the pulse width of the pulse signal
generated by said pulse generators in response to the
signal from said computing circuit, and a control device
electrically connected to said computing circuit and
adapted alternately to generate the first signal for ener-
gizing the coil of said electromagnetic relay when the
signal from said computing circuit is below a predeter-
mined level while the second signal de-energizes the
coll when the signal from said computing Cll‘Clllt 1S

above said predetermined level.
S * % £ 3 ¥
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